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AN ORDVAC PROGRAM FOR THE TRANSFORMATION OF GEODETIC ELLIPSOIDAL 
COORDINATES INTO CARTESIAN COORDINATES AND VICE VERSA 

ABSTRACT 

The transformation of geodetic ellipsoidal coordinates into 

Cartesian coordinates and vice versa is programmed for the ORDVAC 

using.a pseudo code - "The One Address Floating Binary Double 

Precision Code (QFBDP)," 



I. .THE MATHEMATICAL BASIS OF THE COORDINATE 

TRANSFORMATION1 

With reference to Fig. 1, the.following notation for the constants 

of the reference ellipsoid becomes self-explanatory. 

Major axis '• a 

Minor axis b    ?   '2 •'• 

. . Eccentricity-  •     e2> a g " b  = 1 - (b/a)2 . ^ 
" '• '  a      .'..-./.'. 

The null.meridian is,denoted by (X) 

Fig. 2 presents the plane of the meridian \. 

2    2'- 

!E. +'5L.-I . • . (?) 
a2    b2. 

Furthermore, • 

S 
-^ = cos t« where ^ is the "reduced latitude". (3) a 

From the fundamental identity 

0 0- 
sin \ + cos  >|r = 1 (k) 

and from (2) and (3) it follows that 

and again with (2), we obtain 

, Z 
" ./taa't - / .;..§-; . (6) 

1. Schmid, H. Some Remarks on the Problem of Transforming Geodetic 
Ellipsoidal Coordinates into Cartesian Coordinates with the Help 
of The Reduced Latitude, Ordnance Computer Research Report, 
Ballistic Research Laboratories, Aberdeen Proving Ground, Maryland, 
Vol. VI, No. 2, 15 April I959 

^     7       "        '- . ' ; 
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which is conveniently written "by introducing   the geocentric latitude 

7, as 

tan y - ^   tan 7. . ^7) 

2 '•'.•• 

From tan 0 = ^- tan 7. . (8) 
' 0 '"-'••.-• 

follows        tan 0 =~-   tan i. (9) 

Furthermore from Fig. 2 , 

Z± - Z  . ';'•'• 
tan 0 = g_^ •       • • .   (10) 

.   i        P 
Substituting (3) and (5) into (l0)> we obtain with (9) and (l) 

o ' Z 
tan * - §£.  sin V - £- . *i = 0 (ll) 

which leads to an expression of fourth degree explicit in terms of 

tan i. '  • 

In order to avoid a cumbersome solution a well known series is 

considered. 

tan ( V° + A^°) ^ tan>° + (l + tan2 i°) Ai|r +        • (12) 

(1 +.tan2i°) tan *° A|2 + 

where, 

t = f  +.At°. (13) 

By neglecting all terms higher than first order 

tan +° - sin +° |22. I . !i„ 

v».. _—^—5 y* ;    (*) 
-,   .  2 .0      .o ae 1 + tan \|r - cos t ^— 

;    Si . 

where, Z    • 

tan *° - I • g^ "(15) 

=10 



With the above derived formulas geodetic ellipsoidal coordinates 

can readily "be converted into geocentric Cartesian coordinates and vice 

versa. The transformation here is based on formula (9) using the re- 

duced latitude, f. , as an auxiliary angle. Thus, fewer iterations are 

required in determining the value of A .ty by formula (l*0 than would be 

required if similar expressions for A y corrections were derived. 

The second phase of coordinate transformation is concerned with 

the transformation of the geocentric Cartesian coordinates (XYZ), as 

obtained in the first step, into a system of local Cartesian coordinates 

(xyz) and vice versa. In order to obtain a high degree of flexibility 

it is desirable to provide for the possibility of referring the 

geocentric coordinate system to an arbitrarily chosen meridian, denoted 

by (x).   For a coordinate transformation to be suited for geodetic and 

photogrammetrie purposes, particular attention should be given to the 

fact that generally the position of any local point of origin will be 

given by geodetic ellipsoidal coordinates denoted by 0 , \  ,• H • 

By introducing (>»).= \   the geocentric Cartesian system becomes 

oriented in such a way that its X-axis is situated in the meridian plane 

of the arbitrarily chosen point of origin of the local Cartesian system. 

During the computations, first the Cartesian geocentric coordinates of 

the point of origin (X Y Z ) are computed. In case the above described 

rotation (\.   - X. ) is applied, Y = zero. Next the geocentric system 

is translated parallel to itself, into the origin of the local system 

by the translations, XYZ. The x'y^1 - system thus obtained must 

now be oriented by three additional rotations. These rotations should 

be made in such a way that the orientation of the local system can be 

made to be significant in terms of commonly used geodetic parameters. 

First, we-rotate around the y-axis for an angle a. With YQ « zero and 

a = (90- 0 ) the xy-plkne becomes parallel to a plane tangent to the 

ellipsoid at the sub-origin point. Second, we rotate around the once 

rotated z1 - axis (ß - rotation). If the xy-plane is tangent to the 

ellipsoid at the sub-origin point, this step corresponds to the con- 

ventional azimuth rotation. The third rotation, denoted by y,  is 

•11 



executed around the twice rotated x1 - axis.  In most geodetic 

problems 7 will equal zero. The .necessary computations, described 

above are made by the following well known formulas which transfer 

one set of .Cartesian coordinates into another: 

A. Direct Transformation-  . • 

x * + x] (cos Ct  cos ß) 

+ yj (sin ß) 

.- z' (sin a cos ß) 

y. = + x* (sin a sin 7 - cos a sin ß cos y) 

+ y' (cos ß cos y) 

+  z' (cos a sin y + sin a sin ß cos y) 

z, - + x! (sin a cos y +  cos a sin ß sin 7) 

- y\  (cos ß sin 7) 

+. z! (cos a cos 7 - sin a sin ß sin 7) 

B. Inverse Transformation. 

x! = + x. (cos a cos ß) 

+ y (sin a sin 7 - cos a sin ß cos 7) 

+ z (sin a cos 7 + cos a sin ß sin 7) 

y[ = + x1 (sin ß) 

+ y. (cos ß cos 7) 

- z (cos ß sin 7) 

z! =.- x. (sin a cos ß) 

+ y. (cos a sin 7 + sin a sin ß cos 7) 

+ z. (cos a cos 7 - sin a sin ß sin 7) 

12 



'.II. FORMULAS USED IN THE PROGRAMMING PHASE 

A# 1«. Direct Transformation 

a. Given: The ellipsoidal coordinates of the point of origin 0 

(0 ,X ,H ) and I, (0.,X ,H.) where longitudes. X and X. are referred 

to the null meridian denoted by (X) . 

b* Compute the Cartesian geocentric coordinates (X ,Y ,Z ) and , 

X.,Y ,Z , whereby the + X-axis passes through the point 0 = 0, X a (X) 

and the + Z-axis passes through the point 0 = + 90°. 

(1) From (9) tan ^ = - tan 0 (l6) 
a ' 

(5) Sp = a cos t (IT) 

(5) Zp = b sin t (18) 

(2) From Fig. 2 

S±  = S + H cos 0 (19) 

X± = SjL cos [\± -  (X)] *     (20) 

Yi BSisln[Xi - M~] (21> 
Z±  = Z + H sin 0 (22) 

c. Transform the Cartesian geocentric coordinates X.,Y.,Z to 

local Cartesian coordinates x.,y.,z.• 

(1) Translations 

xi = Xi " Xo (23) 

yi = \ -  YQ (24) 

Z» « Z,  - Z (25) . i   x   o x •" 

(2) Rotations 

x « + x! (cos a cos ß) (26) 

+ y£ (sin ß) 

- z* (sin er cos ß) 

•  13 



y. = + .xV (sin a sin y  - cos a sin ß cos 7) (27) 

+ y» (cos ß cos 7) 

'.  + z» (cos a sin 7 + sin a sin ß cos 7) 

Zi " + Xi ^ßin a C08 7  + C0S a ÖiÜ P sin ^  ^8) 

- y! (cos ß sin y) 

+ z' (cos a cos y  - sin a sin ß sin y) 

B. -2. Inverse Transformation 

a. Given: The local Cartesian coordinates of point I (x.,y.,z ) 

and the Cartesian geocentric coordinates of the corresponding point of 

Origin 0 (X0,YQ,Zo). 

tu Transform the local Cartesian coordinates x.,y.,z into Cartesian 

geocentric coordinates X.,¥.,%.«. 

(l) Rotations 

x| = + x. (cos a cos ß) (29) 

+ y. (sin a sin y -  cos a sin ß cos 7) 

+ z. (sin a cos y  + cos a sin ß sin y) 

•    yj = + x±  (sin ß) (50) 

+ y. (cos ß cos 7) 

- z.   (cos ß sin- 7) 

z! = - x (sin a cos ß) (31) ' 

+ y. (cos a sin 7 + sin a sin ß cos 7) 

+ z. (cos a cos 7 - sin ä sin ß sin 7) 

Ik 



(2)    Translations 

X1=xi+Xo (32) 

Yi = yi+v (33) 

Zi = 2i + Zo (3^) 

c. ' Compute the corresponding ellipsoidal coordinates 0  ,X. 
'Hi. 

From Fig. 2 
Yi tan dX = ^i- 
Xi 

and X    *  (X)  + &k 

(35) 

(36) 

Furthermore, 
SI B <Xi + Yi^ (37) 

From (15) 

tanV-^-  •* (38) 

From (14)    ' 

tan *°- 
*lr° ' ' 

2    ^       z* .     . 0 ae        fc     :      i sin*    g-    - -    .  ,g- 
(39) 

From (13) 

From (9). 

From Fig.  2 

2 
1 + tanV  - cos lr°   i;   .|£ ' 

Si 

* = v° + A*° (UO) 

tan 0.  = tan • .   £• (4l) 

n        Si  - a "°S * (42) 
" ~      cos  <f> 

15 



III. RASTER 

(Memory Display) 
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INVERSE     TRANSFORMATION 

(T>—H ENTER  OFB | 

READ  o, fi,r, (X) 
COMPUTE 
SIN-COS 

SET SI (+), S2 (+) 

15 

38 

C3? 

3ü 
(+i 

40 

• *«l-(b/0>* 

YES NEXT 
CASE? 

42 

x0-r x 
Y0 —Y 
Zo—• Z 

SET 

SIC*), S3{+) 

(-) 41 

NO 69 

READ 
Xo.Y©, ^o» 

OR 

70 A 

Xf »+• (COS a COS 0) 
+ r (SIN a SIN /-COS a SIN ß cos y> 
+ x (SIN a COS y+COSo %\Hß sm r \ 

Xi 
*y 

< SIN ß) 
( COS ß COS 7) 
<cos0 SIN r) 

i\ 8-K (SIN a  COS0) 
+n (COS a SIN 7 +SINC SIN ß COS X) 
•*i (COS«  COS 7 ~ SIN e SIN ß SIN yj 

7^3 

53 

47 

Xi* x'i + X0 

Yi« y'i + Yo 
Zjj i| -I- Zp 

o-X e<t?p 1\ Y- o go? 
49 

Ö 
.» + %-*• AX 

»j 0 - Y g 0 ? 

50     ^ >   ' 
r/2-*AX 

55 

•   .B _ TAN»-yr'-siN»^'yfl. j- 

1 + TAN2 f-COS V"' Mi 
^   . <fr°+ Af s 

56 

54 

A*° £ 0.1"? 
 _  

TAN   ^° 
f » TAN'1 t' 

TAN   4> " TAN * •% 
$ = TAN"1   $ 

TAN AX» Y/x 
AX'TAN"1 AX 

Bfeh ( + ) 

58     »1-1 
l*+AX-»AXt 

IF X AND Y = 0, 
SET •a. X0 OR 
*i. Xi. » 0, Ho 
OR HI«-« 

PRINT 
AND 

H 

2!* 
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DIRECT     TRANSFORMATION 

ISA 
YES 

J" 
NEXT 
CASE? 
—r~~ 

17 

NO 

READ 
$0»   X0l  

Ho 
OR 

 %  

ie 

*   ISA2=2   * 

2S 

PRINT 
*l. y|, tji ><!• 

19 
CHECK 
IR #2 AX.X-(X) 

20 

*-%  10? 

86 

PRINT 
Xo.   Y0,   Zo, id. 

PRINT   BLANK 

X-»Xo 

z-z0 

(-) 
26  

S2?J4- 

29A 

(+) 

X-*Xj 
Y —Yj 
2 —Zi 

30 

21 22 

Xi«  + 

23 

-. I-'«-»* 

SIN $, COS 4, 

TAN *, 
SIN AX, COS AX 

24 

TAN «IrsTAN £. b/a 

25 
Sp 

s 
X 
Y 
z 

- a  COS  * 

» b   SIN   ^ 

« Sp+H COS $ 
«S COS AX 
= S   SIN AX 
• Zp+HSIN«^ 

29 

/• • r\ - rQ 

x'i (COS a  COS ß ) 
y'i ( SIN ß ) 
z\ (SIN a COS ß) 
x'i (SIN   a  SIN  /-COS a SIN ß  COS Y ) 

y'l (COS 0 COS V) 
z'j (COS a SIN r+SIN a SIN 0 COS r) 
x'i ( SIN   0  COS 7 + COS a SIN   0  SIN  Y) 

/( ( COS 0 SIN Y) 
Z\ (COS   a   COS Y- SIN a   SIN ß  SIN /) 

OPTION'. 

READ- 

a, b.i.l.t.I, WEIGHTS 

PRINT: 
xj, yj, Zj,   WEIGHTS,   PT. TYPE,   PT * 

25 



•- " V. THE CODE 

. A„ PROGRAM ". •••••  - •;-•'/'•' - •  • 

"The One Address Floating Binary Double Precision (OFBDP)" 

devised by Lloyd Campbell> Computing ..Laboratory, Ballistic Research 

laboratories, was applied to this problem. Instruction on the use 

of the code may be found in BRL Report No. 997, October I956, 

"Programming and Coding for ORDVACJ "by ; Tadeusz Leser and Michael 

Romanelli. 

27 



SEQUENCE CODE ADDRESS ORDER    INDEX DESCRIPTION 
12.1- 

.2 
K40600 
N00040 

600 46OO 
U OFB 

\. * Enter OFB 

• 3 
.4 

NIC 604 
6002PS 

601 fU 13.1 
••M-2FS * 

.5 

.6 
KÖ07Ö1 
6002FN 

602. + B2 
M 2FN Unused : 

.7 
. .8 

M0604 
SN0262 

603 fu 13.1 
U* IBMC- V 

13.1 
.2 

0007Ö3 
SN0262 

6o4 f + W2 
U* IBMC 

Read a,b, + .1, + .1 

• 3 

.4 
WN070K 
SN02FJ 

605 fU 07.1 
U* IBMC Unused 

• 5 
14.1 

NK0700 
.441004 

606 fU 03.1 
ISA • J: 

.2 

.3 
000784 
SN0262 

607 f + W5 
u* IBM: 

.4 

.5 
0007FO 
6807N0 

60Ö f + TO 
f x KL 

.6 

.7 
1007JO 

0007F1 
609 fM PI 

f + Tl Read a, ß, y,  •'( X ) in 
.8 
• 9 

6Ö07N1 
FW07J0 

60K f x K2 
f( + )MPl degrees^ minutes, 

.10 

.11 
0007F2 
6807N2 

60S -f + T2. . 

f x K3 seconds. Convert to 
.12 
.13 

FN07J0 

0007JO 

60N f(+)MPl . 
f + PI radians. Compute 

.14 
• .15 

0007J0 
.SN01L1. 

60J •f + PI 
U* sin-cos sin and cos.. 

.16 

.17 
1017J1 
000017 

. 60F fM P2 
f + 017 

l1 1 

.10 
• 19 

1017J2 
F81001 

60L fM P3 
IIA 

2 
1 

l4.2o 
.21 

F01607 
6407NK 

•  610 ifd i4.7 
fl-1 C3 

lw" • 

.22 

.23 

1007NJ • 
6407MK 

6ll fM SI 

f|-|C3 

Set Sl(-j 

.24 

15.1 
1007NF 
0007m 

6l2 .fM S2 

f + C3 

Set S2(-) 

.2 

.3 NNO6I4 
blj. fC 16.1 

fu 38.1 
2 0 
^ 0 

30,1 
.2 

0007N9 
7807N8 

614 f + C2 
t i  Cl 

U 

.3 

.4 
1007J7 
6807J7 

615 .. fM P8 
f X P8 

(b/a)2     •  ' 

• 5 
.6 

10O7J7 
0007N3 

616 fM PÖ 
f + K4 

28 



SEQUENCE CODE 
"OÜOTJf 
100TJT 

ADDRESS 
617. 

ORDER ww 
fM PÖ 

INDEX DESCRIPTION 
387T 

.8 
•SiB" 

e2 = 1 -  (b/a)2 

59.1 
.2 

.2 

.3 

0007Ö4 
SN0262 

f + W3 
T7»TRMT, 

Read XQ,  YO>  ZQ^  or 
Xi' yi'  Zi 

40.1 
.2 

OO07F4 
4WO6IK 

619 £ + Tk 
*f 0*41.1 . Z° 

.3 
41.1 

NN0604 
0007NJ 

61X fu 13.1 
f + SI -co 

.2 - 
42.1 

2N067N 
F407NK 

61S fC 69.1 
f|+|C3 

Test SI 

1007NJ 
1007NL 
4^1005 

0017F0 

"OTJ 

fM Sl 
fM S3 Set S$ (+) 

.5 

• 7 

.2 

ISA 

f + TO 
l'> XQ^Xi 

Zo-^Zi 1017K0 
L0161J 

"55F fM Do 
IfC« 42.5 

1 
1^ 

OM T16 
f + TO 

3007LO 
Q007F0 
0407L0 
4N0622 

"SOT 

"o20" 

A 

f(-)Tl6 
fC» 45.1 

.3 

.4 

.2 
• .3 
45.1 

.2 

.3 

.4 
47.1 

6407KK 
1Q07UL 
1N062Ö 

00O7L0 
O407F0 
4N0624 

"52T 

"522" 

"523" 

f|-.|C3 
fM S3 
fU' 46.1 

f + Tl6 

Set S3 (-) 

f(-)T0 
fCf.47,1 

1N0628 
00Q7F1 
0407X0 
4N0626 

624 tu» 46.1 
f + Tl 
f(-)T16 
fC' k9.1 
fu 48a 
f + Tl6 

Test for quadrant of 
£X  angle  

.2 

.3 —X 
49.1 

W NN062N 
0007LQ 
0407F1 
2N0631 

f(-jTl 
f C 51.1 

.2 

.3 

46a 
NN062L 
P°OJFl_ 

"7807F0 
100TLF 

fU 50.1 
f + Tl 

75" 
.3 

74 
.5 

.7 

T29* f * TO 
fM Pl8 tan & =    */« 

0007LF 
SN0gN0_ 
lOÖW 
NNO636 

"o2K" 

"o2S" 

P5F f + 
U* arctan 
fM Plö 
fU 52.1 

AX 
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SEQUENCE CODE ADDRESS ORDER INDEX DESCRIPTION 
4Ö.1 

• ,2 
0007N5 
7807N7 

62N f + K6 
. f 7 K8 

'*• 

• 3 1007LF 
. Nif07N5 

62J fM P1Ö 
f(+)K6 

Ä + ^ 

.5 

.6 
1007LF 
NWO636 

62F fM P1Ö 
fu 52.1 ••' >' 

50.1 
.2 

Ö007N5 
7807N7 

62L f + K6 
f - KB • 

/ V 

.3 1007LF 
NNO636 

630 fM P1Ü 
fU 52.1 . s 

* 

f    2 
51.1 . 

.2' 
443002 
3OO.7F0 

6$1 . ISA 
OM TO 

1  < \ 

.3 

.4 
3007F1 
3007F2 

632 OM Tl 
OM. T2 If X and Y = 0, set 

.5 

.6 
2407NÖ 
1007F3 

633 f - Cl 
fM T3 

»0, *.0> 
or h, Xj = 0, 

.7 

.8 
000704 
SN02FJ 

654 f + W3 
• Ü*IBMR 

H or H. 
0    i 

print.. 

= -a and 

.9 

.10 
L03631 
KN0702 

635 ifc 51.1 
fC 84.1 

3 J 
A 
' 
1 

52.1 
.2 

0007FO 
6807F0 

656 f + TO 
f x TO 

.3 1007J0 
000 TF1 

657 fM P9 
. f • + Tl 

.5 

.6. 
6Ö07F1 
FN07J8 

:   630 f x Tl 
f(+)M P9 s- (x2 .Y2)1/2 

.7 

.8 
0007JÖ 
SN0229 ,. 

,  639 f + P9 
U* IT"- 

• 9 
.10 

1007JÖ 
0007P2 

63K fM P9 
f + T2 

•> • 
^ 

.11 

.12 
78O7J8 
1007J9 

63s f 7'P9 
fM P10 

.13 
•1^ 

000 Two 
7807N9 

63K f + Cl 
f.i C2 • 

• tan i|f° = 
Zi  a 

S ' b 

.15 
•* ,a6 • 

•68o7J9 
-1007JS 

63J f x P10 
fM P12 > / 

.17 

.18 
0007JS 
SN03N0 . 

63F f + P12 
U* arctan 

.19 

.20 
1007JN 
1007JTC 

63L fM P13 
fM P13 *° 

53.1 
.2 

0007JN 
SNOlil 

.. 640 f + P13 
U*sin-cos 

.3 - "• 

.4 • 
1007JJ 
000017 

6ki fM EU 
f 4017 

sin V° 
• 
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,*£- • ^V.-v .«V; 

SEQUENCE- CODE ADDRESS 
6U2 

ORDER IKDEX DESCRIPTION 

53.5 
.6 

1007JF 
OOOTN8 

fa P15 
f + ci ^ 

cos i|r° 

f x PÖ 

f 7 P9 
.7 
.8 

6Ö07J7 
7807J8 
1007F6 
0007N9 
7Ö07NÖ 

10Q7F7 
0007NÖ 
7807N9 

W 
m T6 
f + C2 

• 9 
.10 
.11 
.12 

f A Cl 
fM T7 

.13 
.Ik 

646 

W 

f + Cl 
f 4 C2 

.15 

.16 
1007JK 

•0007J*' 
6Ö07F6 

10O7F9 

-OT- 

fM Pll 
f + P15 
f x T6 
m T9 

.17 

.18 

.19 

.20 

.21 

.22 

0007JS 
6807JS' 
N407N3 
0407F9 

-ms 

t + P12 
f X Pl2 
f(+)K4 

f(-)T9 

A *° =    2 
tan *°- gg sin t°- |.f 

_  . _—     o ae2 
1 + tan ^ -cos \Jr .— 

T2J 
.24 

1007F9 
000 7F6 
6Ö07JJ 
1007FK 

fM T9 
f + T6 

.25 

.26 
f x P14- 
fM T1Q 

.27 

.28 
^9" 
.30 

0007*7 
6807J9 

f + T7 
f x P10 w 1007FS 

2407JS 
fM Til 
f - P12 

N407FK" 
H407FS 
7Ö07F9 
1007JL 

W f(+)T10 
f( + )Tll 

.31 

.32 

.33 

.34 
650 f f T9 

m PI6 \to * 
S5T .35 

.36 
0007JK 
N407JL 

^53" 

f + P13' 
f(+) Pl6 

*f =*0  +A*° 

«37 
-58 

30T 
.2 

1007JN 

F407JL 
0407N4 

fM P13' 
fu 56.1 
fi+TPiS" 
f(-)K5 

2N0640 
NNO65S 

W .3 
.4 

50~ 
. . .2 

•555" 

re 53:1 
fU 55.1 

0007JN 
SN01L1 

f + P13 
U* sin-cos 

.3 

.4 
1007JJ 
000017 

W 
fM P14. 
f + 017 

sin i|r 

.5 

.6 
1007JP 
0007JJ 

fM P15' 
f + Pl4 

cos i/ 
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SEQUENCE CODE ADDRESS ORDER  •INDEX DESCRIPTION 
56.7 

.8 
7Ö07JF 

1Ö07JS 

658 f T P15 

'fM P12 tan t         '- -'. ...•  . •' 
• 9 
.10 

0007JS 
SN03N0 

b59 f + P12 
U* arctan 

.11 

.12 
1007JN 
NN0653 

65K fM P13 
fU 5^-1 * 

55.1 
.2 

0007JS 
6807JK 

<?5S f + P12 
f x Pll 

.3 1007JS 
0007JS 

65N fM P12 
f + P12 

tan 0 = tan t . •? 

. .5 
.6 

. 0007JS . 
-'SNOMD 

65J f + P12 . 
U* arctan 

.7 

.8 
1007FF 
000 7F1. 

65F fM T14 
f + Tl * 

• 9 
.10 

78O7FO 
1Q07FN 

6% ' f f TO 
fM T12 tan AX = | 

.11 

.12 
0007FW 
SN03N0. 

66o f.+ T12 
U* arctan 

: .13 
57.1 

1Ö07LF 

0007NL 

66i fM P1Ö 
f +S3 

AX 

.2 

-3 
4N0664 
NN0663 

662 fC1 59.1 
fU 58.1 

58.1 
. - i2- 

000 7LF 

N^07N5 

663 f + P1Ö 
f( + )'K6 

• 3 
59-1 

100 7LF 
0007J0 

- 664 fM Plö 
f + PI 

n + £& 

.2 

•..:.:, 3  • 
N407LF 
100 7KL 

665 . f(+;pia 
fM T15 (X) + AX = X 

60.1 
*2 

OOOTFF 
SN01L1 

666 F + T14 
U* sin-cos 

.3 
,k 

000017 
10Q7FW 

667 f + 017 
fM T12 cos 0 

-5 
.6 . 

2407NÖ, 
. 68Q7JF. 

66Ö • f -' Cl      ' 
f x P15 

V 

. .7 
.,8 

N407JÖ 
, ..7ÖQ1FN; , 

669 f(+JP9 
f A T12 

„  S - a cos i|r 
cos p. 

•9 
• :*10" 

loo 7F3 
UH002 .. 

66K fM T3 
ISA       1 / 

61.1 
.2 . 

0017FP 
-7807N0 . 

66s f + T14.   1 
f';Kl 

.3 . 1017FF 
0007N6 

66N fM T14     1 
f + K7 

-5 
' .6 

6Ö07N6 
1007FK 

66J f x K7 • 
fM TO 
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SEQUENCE 
SIT? 

CODE 
68l7FF 
XOOTFS 

ADDRESS 
66F 

ORDER INDEX DESCRIPTION 
f x Tl4 
fM Til .8 

1 

•55T •9 
.10 

62.1 
.2 

300TFO 
3007F1 
0007FS 
0407FK 

OM TO 
0MT1 

-ETo 

W7J 100TFS 
4NO672 
MO6LS 
oooTPO 

f + Til 
f(-)TlO 
fM Til 
fCf 64.1 

TTT fU Ö1.1 
f + TO 
f(+) Kb 
fM TO 

.5 
64.i 

N407N5 
1007FO 
M0670 
0007FS 

^73" 

"575" 

.2 

.3 
~T 
63.1 

Convert 6 , X \o'    o 
fU 62.1 
f + Til 

m TU 

or p , X    to degrees, 
minutes and seconds . 

04O7N6 
1007FS 
2N06Y7 
KU0679 

^75" .2 
.3 

"oTo" 

T7T 

fC 65.1 
fU 66.1 

TV 

-5 
F57T 

.2 
0007F1 
N^07N3 

W 

f + Tl 
f(+)K4 

.5 

.4 
5oTT 

- .2, 
FTT 

.2 

1007F1 
1N0674 

f M Tl 
fir 63.1 
f(+lKt 
fM T2 

N407N6 
1007F2 

.2 

.2 

000784 
SN02FJ 

f + W3 
U*IBMR 

A Print 0 , X  HV 
J 

ro'    o*. o' or $±, \±, t± 

"Ffs IfC 61.1 
fum.i 

F0166S 
M0702 
2407J2 
6807J3 
68o7J6" 
1007FK 

f-P3 
f x P4 
f x P7 
fM T10 .4 

TW .5 
.6 

0007JI 
6807J5 

"STTT 

f + P3 
f XP6 

f(+)MT10 
f + Tl 

7T 
.8 

FN07FK 
0007F1 
6Ö07FK 
1007FK 

.9 

.10 
f x T10 
fM T10 

W .11 
.12 

000752" 
68Q7J4 
6Ö07F0 
FH07FK 
1N06LN 
N40/X1 

f + P3 
f x P5 

Xi = xAcoe a  cos ß) 
+ y (sin a  sin /-cos a 

sin p cos y) 
.13 
.14 

f x TO 
f(+)MT10 

+ z (sin a cos 7 + cos 
a sin ß sin 7) 

.15 

.16 
fU'b^A.l 
f(+)T17 

33 • 



SEQUENCE CODE ADDRESS ORDER INDEX DESCRIPTION 
69.17 

.18 
6Ö07P2 
MÖ7EK 

6^ f X T2 
,    f(+)MT10 ^                                                      ':•'.'•• 

.19 

.20 
2407J4 

- 6807J5 
685 f-P5 

f x P6 
/\                                           •. :  --•_ 

•  .21 
.'22 

ÖÖ07F2 
1007FS 

686 f x T2 
fM TU 

.23 
•   :2k 

0007J4 
6807J6 

•687    • f + P5. 
f x P7 

yj « x^sin ß) 

.25 

.26 
6Ö07F1 
FNQ7FS 

688 f x Tl 
f(.+ )MTll 

+ y.(cos ß cos 7) 

,28 
•0007^3' 
68Ö7FO . 

, :f>89  ; f + P4 
f x TO 

-,z (cos ß sin 7) 

.29 
,30 

FNQ7FS-  
2k6jEQ 

ööK f(+)MTll 
f - TO 

-•;$2'., 
60074(1. 

•6Q6I Jh:' 
'       60S •  f x P2 

f.x P5 
.33 
.3^- 

100TTN 
0007J1 „... 

ÖÖN fM T12 
f'+• P2 

.35 . 
...-36. ••• 

6Ö07J3' 
6807J6 

•   6ÖJ f x P4 
f-xP7 

i" 

• 37 
< -.38 

1007FJ 
1007J2 

6ÖF. fM T13 
f + P3 

.39 
•-.ho- 

6Ö07J5 
EN07F.J 

ÖÖL f x P6 
f(+)MT15 

.41 0007F1 
.  6807FJ ... 

090 f + Tl 
f x T13 

.hh 
FN07FN 
2407J1' 

691 f(+)MTl2 
f - P2 z! =  -x.(sin a cos ß) 

.46 
6Ö07J3 
6807J5 

" ., 692 f x P4 
f x P6 

+.y1(c°s a sin 7 + 
sin a sin ß cos y) 

.47 

.48 
1007PJ 
0007J2 

• 693 m T13 
f + P3 

' ,..• + z  (cos O..COS  7  - 
sin a sin ß  sin y) 

. .49. 
.50 

6Ü07J6" 
FN07FJ 

694 f x P7 
f(+)MT13 

•_••-,              . 

.51 

.52 
'0007FJ 
6807F2 

695 .f •+ T13 
f x T2 

• 53 
70.1. 

FN07FN 
0007KK 

;•' 696 f(+;MT13 
f.'"+ T10 

\ /         • -* •-. 

,2 -: 
.3 

N4O7K0 
1007F0 

'   697 f(+;Do 
m TO 

Xi = xi + Xo *    X 

' .4 . 
.5" 

O0Ö7FS'.    ' 
N407K1    , 

698 f + Til 
f( + )Dl 

: vb.,-.- 
.7 

1007P1 
0007FN 

•    699 fM Tl 
•f.+ T12 v="n + yo—> * - 

5^ 



SEQUENCE . CODE ADDRESS ORDER INDEX DESCRIPTION 
70.Ö 

• 9 

N407K2 
100JF2 

69K f(+)D2 
fM T2 V=zi+Zo—f   Z 

.10 

.11 
NNOblL 
NM)6lL 

69S fU 43.1 
fU 43.1 

lb.l 
.2 

442002 
000784 

69N ISA 
f + W5 

2 

17.1 
.2 

000784 
SN0262 

69J f + wj 
U*IBMC 

Read 0 , X , H or 

h> V Hi 
17.3 

.1* 
0007K) 
6807N0 

69F f + TO 
f x KL 

A 

.5 

.6 
1027KO 
0007F1 

69L fM DO 
f + Dl 

2 

.7 

.8 
6ÖÖ7N1 
FN27K0 

6K0 f xK2 
f(+) MDO 2 

.9 

.10 
0007F2 
6807^2 

6K1 f + T2 
f xKJ 

Convert angles to radians 

.11 

.12 
PN27K0 
0007F3 

6K2 f (+JMDO 
f + T3 

2 

.13 

.14 
0007F3 
1007K2 

bK3 f + T3 
fM D2 

.15 

.16 
0007F4 
1007K3 

bK4 f + T4 
fM D3 \t 

1Ö.1 
.2 

0007F4 
4NO6K6 
NW0604 
F0269J 

6K5 f + T4 
fC'lßA.l Next case? 

.3 
18A.1 

bKb fu 13.1 
IfC 17.1 2 

19 .1 
.2 

000 7K1 
O407JO 

6K7 f + Dl 
f(-)Pl 

.3 
20.1 

1007L0 
0007N3 

6KB fM Tib 
f + K4 A f Ä 

.2 

.3 
N407N3 
1007FK . 

ÖK9 ft+JK4 
fM T10 

.4 
•  .5 

0007N5 
7807FK 

bKK f + Kb 
f - T10 * 

.6 

.7 
1007FK 
0007KO 

6KS fM T10 
f + DO 

Test for 

«Si f *• 
.8 
• 9 

0407FK 
4NO6KJ 

bKN f(-)T10 
fC'21.1 - 

.10 
21.1 

NN06S1 
0007FK 

bKJ fu 23.1 
f + T10 

.2 
• 3 

. 0407K0 
4KO6KL 

6KF f(-)DO 
fC'22.1 

35 



SEQUENCE 

22.1 

-. CODE 
NN06S1 
Ö007KO 

ADDRESS 
6KL .. 

ORDER INDEX DESCRIPTION 
fU 23.1 
f + DO 

OWSL 
1007KO 

fi-jKo 
fM DO 

.2 

.2 

"oso" 

0007KO 
SN01L1 

"SsT 

"oS2" 

f + DO 
U* sin-cos 
fM PÖ 
f + 017 

.3 

.4 
1007J7 
000017 
1007JÖ 
0007J? 
7Ö07JÖ 

1007J9 

^_ 
illl   0 

.5 

.6 
fM P9 
f + P8 

cos 0 
.7 
.8 

"oSV 

"5s5~ 

f-T  P9 
fM P10 
f + Tib 
U*  sin-cos 

tan.0 
• 9 
.10 

0007L0 
SN01L1 

"SsF .11 
.12 

1007JK 
000017 

Tsf 

"SsB" 

m pii 
f•+ 017 

sin &. 

.13 
24.1 

1007JS 
0007N9 

fM P12 
f + C2 

7Ö07NÖ 

6807J9 

cos & 

.2 

.3 
f 1 Cl 
f x P10 

TV 
.5 

.7 

1007FN 
1Q07FN 

6S9 

"oSK" 

fM T12 
fM T12 

tan f = tan 0 . - 

0007FN 
SN03N0 

f + T12 
U* arctan 

To 
.9 

1007FN 
0007FN 

6SS fM T12 
f + T12 

? 

.10 

.11 
0007FN 
SN01L1 

6SN f + T12 
U* sin-cos 

.12 
»13 

1007JN 
000017 

6SJ 

TsF 

fM P13 
f + 017 
fM P14 
fM Pl4 

sin ty 

TTIT 
.15 

25a 
•-.2 

1007JJ 
1007JJ 
0007NÖ 
6807JJ 

TsT 

cos ty 

f + Cl 
f x Flh 

Wo 

w 
1007FK 
0007N9 

fM T10 
f + C2 

GÖ07JN 
1007FS 
0007K2 
6807J8 

5= a cos ijr 
P 

.5 

.6 

.8 

f x P13 
fM Pll 

"oN^ f + D2 
f x_P9 

"Z = "b sin y 
P 

"oNj • 9 
.10 

FN07FK 
0007K2 
6Ö07JT 
FN07FS 

f + MIIO' 
f + D2 
f x PÖ . 
f + Mill 

S = S + H cos 0 
 E _ 

.11 

.12 Z = Z + H sin 0 

36 



SEQUENCE CODE ADDRESS ORDER INDEX DESCRIPTION 
25*13 

.11+ . 
0007FK 
6807JS 

6N5 f + T10 
f x P12 

.15  . 

.16 
1007FN 
0007FK 

6N6 fM T12 
f + T10 X * S cos &. 

.17 

.18 
ÖÖ07JK . 
1007FJ 

6W7 f x Pll 
fM T13 

Y = S sin Ak 

26.1 
.2 

0007KF 
2N0ÖJ1 

6NÖ f + S2 
fc 29.1 Test S2 

.3 
27.1 

1N06N9 
0007FN 

6N9 fin 27.1 
f + T12 

.2 

.3 
1007K5 
1007F0 

6NK fM D5 
fM TO X—">Xo 

• 5 
0007FJ 
1007K6 

6NS f + T12 
fM D6 

.6 
• 7 

1007F1 
0007FS 

6HS fM Tl 
f + Til . Y >Yo 

.0 . 
• 9 

1007K7 
100752 

6NJ fM D7 
fM T2 

z >zo 
.10 
.11 

NN0706 
1007NF 

6NF fU Ö6.1 
fM S2 

2Ö.1 
.2 

0007Ö4 
SN02FJ 

6NL f + W2 
Ü*IBMR Print x±,  y±, z^  id. 

.3 

.4 
M0Ö9N 
IWO69K 

6 JO fU 16.1 
fU 16.1 

29.1 
.2 

0007EN 
Ol*07K5 

6J1 f + T12 
f(-)D5 

xk - X±  - XQ > X 

.3 

.4 
1007Kb 
0007FJ 

bJ2 fM Do 
f + T13 

.5 

.6 
0407Kb 
1007K9 

6J3 f(-;Db 
fM 19 n - Yi - Yo—>r 

.7 

.8 
0007ES 
0407K7 

•6'J4 ' f + Til 
f(-)D7 

• 9 
.10 

1007KK 
1007KK 

bJ5 fM D10 
m D10 zi - 2i - Zo > Z 

30.1 
.2 

0007J2 
6807 Jk 

bJb f + P3 
f x P5 

/ X. = X'(C0B a COB ß) 

•3 6807KÖ 
1007F0 

bJ7 f x Do 
fM TO 

+ y^sinß ) 

- zU Bin a COB B ) 

• 5 
.6 

0007J3 
6807K9 

6J8 f + P4 
f x D9 

.7 

.6 
FN07F0 
21+07J1 

6J9 n+) mo 
f - P2 

37 



SEQUENCE. CODE ADDRESS ORDER   IHDEX DESCRIPTION 

'.10-: 

6Ö07J4;. 

6807KK V 

. 6JK f xP5 
f x D10 

.11 

.12 
FW07F0 
0007J2 

6JS f( + )MT0 
f + P3 

. '' -'•';• 

. .13 
.14 

6Ö07J3 
6807J6 

6JK f x P4 

f xP7 
.15 
.16 

1007F1 
0007J1 

6JJ fM Tl 
f + P2 

.17 
. .16 

6807J5- 
04ÖTPi •'- 

. \6JF f x P6 
f(-)Tl 

-19 
.20 

6JL f x Do 
fM Tl 

.21 

.22 
0007J4 
.6807J6 

6F0 f + P5 
f x P7 

.23 

.24 
6Ö07K9 
FN07P1" 

6F1 f x D9 
f x MT1 

y. = x'(sin a  sin 7 

.25 

.26 
0007J1 
6807.J3 '" 

6F2 f + P2 
f x P4 

-cos a sin ß cos y) 

.27 

.28 
6Ö07J6 
1007L0 

6F3 f x P7 
fM Tl6 

+ y!(cos ß cos 7) 

+ z* (cos a sin 7 + 
sin a sin ß cos 7) 

.29 • 

.30 
0OOYJ2 

680U5; 
6F4 f + P3 

f x P6 

—.31 
.32 

N407L0 
6807KK 

6F5 f(+)T16 
f x D10 

.33 
- .34 

FN07F1 
0007J2• 

,6F6 f(+)MTl       -N, 

f + P3        * 

..35 
.36 •"' 

6Ö07J3 
6807J5 .' 

6F7 f x P4 
f x P6 

.37 

.38 
1007LÖ 
0007 Jl 

6F8~ fM Tib 
f + P2 

• 39 
.40 

6Ö07J& 
N407L0 

6F9 f x P7 
f(+)Tl6 2..= x'(sin a cos 7 

.41 
• .42 

6807K8 
1007F2 " 

6FK f • x Do 
fM T2 

+ cos a sin ß sin y) 
-  y'. (cos ß sin 7) 

... .44 
" OOÜ7J4" 
6807J5 

6*t> r + F1? 

f x P6 
+ 2'(cos a cos 7 

-sin a sin B sin 7) 
. -.45 

, ,46- . 
1007L0 
24Ö7K9 

6FN fM T16 
f - D9 

.47 
•..48 

6Ö07LO 
FN07F2 

6FJ f x T16 
f + MT2 

.49 
• 50 

0007Jl 
6807J3 

' 6FF f + P2 
f x P4 

.51 

.52 
6Ö07J5 
1007L0 

,•"-' 6FL f x P6 
fM Tl6 

58 



SEQUENCE CODE 
OÖÖ7J2 
68Q7J6 
0407LO 
6807KK 

ADDRESS 
. 6L0 

ORDER INDEX DESCRIPTION 
50.53 

•55. 

>5Ö 

"5LT 

f + P3 
f x P7_ 
f(-)Tlb 
f x DIO 

"513" 

f(+)MT2 
fU 26.1 
f + T4 
fM T5 .2 

FN07F2 
NNO6NL 
OOO fW 
1007^5 

/s 

W .3 
.4 

1007FS 
0007NK 
1007FV 
1007FK 

1>L5" 

TIF 

fM Til 
f + C3 
fM T4 
fM T10 

•5 
.6 
T 
.8 

3007F9 
443003 

OM T9 
ISA Unused 

"SET • 9 
.10 

0007N3 
1037F6 
F036L7 
000785 

f + K4 
fM T6 

"OLS" IfC 80.9 
f'+ w4 
f + W4 
U*IBMR 

.11 

.12 
000785 
SN02FJ 
NN069N 
NNO69N 

.13 

.14 
"snr fU 16.1 

tu 16.1 
f(+)T10 
fM Til 

•15 
.16 

.2 
N407FK 
1007FS 
1N0674 
0007J2 

"5LS" 

"SLF fU'63.1 
f + P3 
f  X   P4 
f x P6 

0"   -  3600 
.3 

69A.1 
—IF 

.3 
68Ö7J3 
68Q7J5 
1007L1 
0007J1 

"5LJ" 

"5LF 
Part of Box 69 

TV 

j5 
6807J6 
1N0683 
Ö407KK 
1007NN 

fM T17 
f + P2 

.6 

.7 
"BET 

.2 

f x P7 
fU' 69.16 >C 

1N0606 
LNO606 
0007MN 
2N06l8 

TOO 

ToT 

f|-| C3 
fM S4 

lO" 
Set 4(Q 

•3 
.4 

"oTTT 
.2 

fU1 

fU' 14.6 
702" f + S4 

fC 39*1 
fU' 05.1 
f + C3 

Test S4 
.3 

85^1 
1N0703 
F4O7NK 

703 

m S4 
U*24L 

.2 

TIT 

1007NN 
SKQ24L 
NN061Ö 
NNO618 

Print blank 
705 fU 39.1 

fU 39»l 

39 



SEQUENCE CODE ADDRESS ORDER INDEX DESCRIPTION 
Ö6.1 

.2 
FkOJM. 
IOO7HK 

706 f + C3 
fM S2 

.3 0007Ö4 
SN02FJ 

707 f + W3 
U* IBMR Print X , Y , Z , Id. 

o' o.-' o' 
.5 
.6 

00070^ 
. SN021H, . 

70B f + W3 
. U* 2ifL Print blank 

.7 

.8 
NWO69N 
NWO69N 

709 fU 16.1 
fU 16.1 

87.1 
.2 

2407NS 
1^N070J 

70K f.- CU  . 
fC'89.1 ^0 

88.1 
.2 

K80780 
6003SF 

70s 
M,L

B1       A Set field words for 
- M5SF            10 digit 

.3 K80781 
6003SL 

TON + B2          Floating decimal 
M3SL          sf    output (S10-S2) 

.5 
89.1 

»3 

NN071Ö 
K80786 
6003SF 
K80787 

70J fu 90.1 
+B4 ^ Set Field words 

for Ö digit . 
floating decimal 

70F M.3SF 
+B5 

*1_ 
6003SL 
NN0710 

70L M 3SL 
fU 90.1 

\t    output (S8-S2) 

90.1- 
.2 

000783 
SN02FJ 

710 f + W2 
U*IBMR 
fu 8ia 
fu 83.1 

Print a,b,  +••!>+ «1 

.3 NN0700 
NN0700 

711 

UO 



B.     OPTION 

SEQUENCE CODE ADDRESS ORDER   INDEX DESCRIPTION 
Ö00300 
200711  . 

Key 
word 

90.3 
.4 

NN0717 
NN0717 

711 fU 91.11 
fU 91.11 

91.1 
.2 

0007F4 
1007K3 

712 f + T4 
fM D3 Point number 

• 3 
.4 

1007F5 
00Q78K 

713 fM T5 
f + W7 

Point number 

.5 

.6 
1007F3 
P407KK 

714 fM T3 
f + C3 

Weighting factor. 

• 7 
.8 

1007F4 
0007K3 

715 fM T4 
f + D3 

Point type 

• 9 
.10 

4N06K6 
NN06o4 

716 fCf 1ÖA..1 
fu 13.1 

.11 

.12 
0007NN 
10078K 

717 f + C5 
fM W7 

Temporary storage• 
of weights 

..13 
.14 

M0700 
NN0700 

71Ö fU 03.1 
fu 83.1 

Ö00003 
200ÖK4 

Key 
word 

17.15 
.16 

NN0712 
M0712 

6K4 fu 91.1 
to 91.1 

Ö00003 
2006NL 

Key 
word 

20.1 
.2 

0007Ö9 
SN02FJ 

6NL f + W6 
U*IBMR 

Print for camera 
orientation input 

Ö00003 
200783 

Key 
word 

050005 
1007NÖ 7Ö3 W2 

Control word - Print 
a, t, +  .1, +  .1 
weights 

Ö00003 
200789 

Key 
word 

060006 
1007F0 

7Ö9 W6 Control word to 
print for camera 
orientation 

Ö00001 
000LL1 

- 

41 



SEQUENCE CODE ADDRESS 
-7BÖ— 

ORDER INDEX DESCRIPTION 
A Field words for format" 

of 10 digit floating 
K20K2K 
2K02K2 

"ToT 

Bl 

J20F7N 
000000 

B2 decimal numbers 
(S10 _- S2) 

050009 
1007SL 

Wl Unused 

05000T 
1007N8 

W 

W2 Read a, b, + .1, + .1 

O5QOO5 
lOQ'TFO; 

W5 Control word for input 
and output 

050005 
1007F0 

7Ö5 m • Unused 

Ö20Ö2Ö 
• 280282 

7Ö6 B3 • A Field words for format 
of 8 digit floating 

Ö20F7N 
000000 

7Ö7 B4 binary numbers 
x, (S8 - S2) 

70Ö W5 Available 

7Ö9 W6 Available 

7ÖK m Temporary storage 
for weighting factor 

5*-v;* 

k-2 



VI. CONSTANTS 

The following floating decimal constants with 22 decimal digits 

were converted to sexadecimal form for input with the program in order 

to maintain maximum accuracy,' especially in converting degrees, minutes, 

and seconds to.radians: 

+ .1000 0000 0000.. 0000 0000 00 - 16 constant 
+ .17^5 3292 5199 4329 5769 00 - 01 radians « 1° 
+ .2908 8820 8665 7215 9615 00 - 03 radians = 1* 
+ .kShQ 1568 1109 5559 9359 00 - 05 radians = 1" 
+ .1000 0000 0000 0000 0000 00 + 01 constant 
+ .5000 0000 0000 0000 0000 00 - 06 iterative constant 
+ .5U1 5926 5358 9795 2584 60 + 01 Ä 
+ .6000 0000 0000 0000 0000 00 + 02 constant 
+ .2000 . 0000 0000 0000 0000 00 + 01 constant 

*3 



, VIIc' DATA 

A, FORMAT "t 

The data cards are punched using standard floating.decimal 

form (SÖ-S2) -"[coefficient (sign and 8.digits) with exponent (sign 

and 2 digits)] or (S10-S2) - [coefficient, (sign arid 10 digits.) with 

exponent (sign and 2 digits)] . The sign is in a separate column 

using "0" punch or no punch for plus and. "X" for minus» 

B. INPUT AND OUTPUT 

The data input has 10 (S10-S2) decimal digits while the 

output may either be with 8 (S8-S2). or 10 (S10-S2) decimal digits. 

The input cards.contain five 10-digit floating decimal numbers. Card 

No. 1 contains information designating form of output and signal for 

direct or inverse transformation. 

The option card placed before "transfer to program" card is' 

used to print six (S8-S2) numbers which include information such as . 

weight, point type, and point number, in addition to the local 

Cartesian coordinates. This form of output is prepared for use with 

the photogrammetric camera orientation program. 

Card No..1: 

ab    j 

A 

I .' l' • K • 1    weight 

;          T 
only used in option 

<;—+ = output S10 - S2 

tr- - = output S8 -" S2 

i + From geodetic ellipsoidal coordinates to local 
Cartesian coordinates 

• From, local Cartesian coordinates to geodetic 
ellipsoidal coordinates * 

See sample input for remainder of cards. 

If a minus angle is used minus must be punched with all three values, 

i.e. degrees, minutes, and seconds. 

t5. 



Follow each case by a card with. -.1 punches in columns 57 and 56. 

As many cases as desired may be run by stacking one after the other. 

For output see samples. 

A. ROBERTA WOODEN - 

h6. 



VIII.     SAMPI.ES 

hl 



A.l. PEPUT  (S10-S2): 

DIRECT TRANSFORMATION 

a 
a 
ß 
7 

.63 
• 30 
.60 
.11 
.30 
.33 
• 11 
.33 
• 11 
.33 
.11 
.33 
• 11 
.33 
• 11 
.33 
• 11 

78206400 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
20000000 
oooooooo 
20000000 
oooooooo 
20000000 
oooooooo 
10000000 
oooooooo 
100000CO 
OOOOOOOO 
20000000 

07 
02° 
02° 
02° 
02° 
02° 
03° 
02° 
03° 
02° 
03° 
02° 
03° 
02° 
03° 
02° 
03° 

b.6356 
• 00 
»00 
.00 
.00 
.1500 
,2000 
.2900 
.2000 
.2.900 

. .0000 
.2900 

•.5900 
.2900 
.5800 
.2800 
,3000 

583800 

000000 
000000 
000000 
000000 
000000 
oooooo 
oooooo 
oooooo 
oooooo 
oooooo 
oooooo 
oooooo 

07 
00« 
00» 
00' 
00' 
02' 
01' 
02» 
01« 
0.21 

00' 
02» 
02» 
02» 
02' 
02' 
Ol1 

.1000000000 

.00 
• 00 
.00 
.00 
• 00 
.3000000000 
•4090500000 
.5300600000 
•4231700000 
• 47 2-2 400000 
.4044500000 
.4135600000 
.3708100000 
•3929200000 
•4854400000 
•5177300000 

;o 
0 0" 
00" 
00" 
00" 
00,!H_ 
02 "IT 
02"H° 
02" H. 
02"   X 

02" 
02" 
02" 
02Ü 
02„ 
02 
02"^ 

-.1 wt..1000000000      20 

.00 00 id..888 

.00 00 id.»888 

.3457050000 . 03ptrf-. 1000000000 01 

.3457050000 O3pt*-«10OOÖOOO00 01 

.3601830000 03 .2000000000 -01 

.3601830000 03 •2000000000 01 

.3682910000 03 •3000000000 01 

.3682910000 03 •3000000000 01 

.3781970000 03 .40OOOOOOOO 01 

.3781970000 03 •4000000000 01 

.3352810000 03 .5000000000 :oi 

.335281000.0 03 >'.5000000000 
^•1 

01 

OUTPUT  (S6 .-S2) 

a  .63782064 07 b .63565838 07 .10000000 00 - .10000000- 00 • • 
X  .73926119 o 06 YQ .52880168 0 7 Z .34769959 o 07  H .OOOOOOOO o • 00 Id.. 88800000 00 . • 

x." -Il933l433 05.' y .80909770 . 04  . ! 6.•17256366 05  H, .34570500 0 3 pt #• .10000000 01 
• 
• 

x -.18350873 05 .   .58307076 04 1.19373897. 05 .36018300 03 .20000000 01 .. • 
-.17780251 05. .46251237 04 .20430183 05 .36829100 03 .30000000 01 ••• 
-.17206358 05 .34769590 04 •21394716 • 05 .37819700 03 .40000000 .01 • • 

• -.18653961 05 > ,.87096000 04  -J r .15242694 05  v .33528.100 03 \f    .50000000 01. • 



DIRECT TRANSFORMATION 

IKPUT  (S10-S2); 

e .63782 06400 07 "b. 6356 583 8.0 0 •0 7 • 10000000.00 00 .1   . 
a .30000000CO 02° • 00 00» • 00 00" ' . 
e ,6000000000 02° .00 00» .00 0 0" • 
? •1100000000 02° .00 00' • 00 00" • 

(x ) .3000000000 0 2° - .00 00» .00 00" • 
0  .3300000000 02° .1500000000 02» • 00 00" H .00 0  id*888 
X Ä .1120000000 0 3° ' .2000000000 01» •3000000000 02" H°.0O  • •00 id-8 88 
p: ,3300000000 02° .2900000000 02». •4090500000 02" H °.3457050000 03pttf«1000000000 01 
X . .1120000000 

.3300000000 
03° •.2000000000 01» .5300600000 02" Ht.3457050000 03pt^.l000000000 01 
02° .2900000000 02« •4231700000 0 2" F.3601830000 03 .2000000000 01 

.1120000000 0 3° •oooooooooo £oJ •472240000C 02" .3601830000 03 .2000000000 01 
•'3300000000 02° .2900000000 02« .4044500000 02" .3682910000 03 •3000000000 01 
•1110000000 03° •5900000000 02« •4135600000 02" .3682910000. 03 •3000000000 01 
•3300000000 02° •2900000000 OZ1 •3708100000 02" •3781970000 03 .4000000000 01 

-f=- .1110000000 0 3° .5800000000 02» •3929200000 02" •3781970Q00 03 •4000000000 01 
• •.3300000000 02° •28000O0O0Ö 02» •4854400000 . 02" •3352810000 03 •5000000000 01 

^ /.! .1120000000 
• 

03°- .3000000000' 
• 

01» •5177300000 
• 

02" ^.3352810000 
a 

03 >' ..5C0O00OO0O 
-.1 

01 

OUTPUT  (S10-S2): 

,6378206400 .   07 "b    .6356583600      07 
•7392611900     06 

-•1933143294 
-•1835087267 
-•1778025115 
-•1720635834 
-.1865396068 

Y    .5288016840 o 
05 y! .8090977021 
05 i .5830707593 
05        »4625123712 
05 .3476958963 
05    ".8709600040 

07 

04 
04 
04 
04" 
04 

1000000000  00 
07 Z .3476995877 

o 

z.•1725836610 05 
1»1937369728 05 

•2043018349 05 
• 2Q39471566 05 
•1524269400 05 

1000000000      00 
Ho.0000000000 

• 
H..3457050000 
•3601830000 
-.3682910000 
.3781970000 

^•3352 810000 

0 id..8880000000  00 

03pt#.1000000000 
03 
03 
03 
03. 

.2000000000 
•3000000000 
•4000000000 
.5000000000 

01 
01 
01 
01 
01 



INVERSE TRANSFORMATION 

B. 1.  INPUT (S10-S2): 

a .6378206400  07 fc .6356583800  07 -mlOOOOOOOOO      *0 -.1000000000  00 . 
a .30.00000000  02° ,00 00» • 00 00" . 
ß .6000000000  02° .00 . 00» • 00 GO" . 
7 .1100000000  02° .00 00» • 00 • 0 0" . 

M .3000000,000  02° .00 00' • 00 0 0" . 
xo • 73926U900  06 x .5288016840  07 Z •3476995877  07 • 00 OOiav.9999 " 

-.1933143282. 05 y ?.8090977022  04 z 
3.1725836606  05 .00 : pt # .1000000000  01 

.2000000000  01 -.1835087258  05 1,5830707560  04 L.1937389724  05 

. -.1778025108  05 .4625123691  04 •2043018345  05. .0 .3000000000  01 
-.1720635832  05 .3476958981  04 .2139471564  05 • 0 .4000000000  01 J/ -•1865396065 _ 05  ,ri 8709600028  04 f ^. 1524269402  05 .0. . .5000000000  01 

v n 

.0 • . . 
• . .' 

A f. •  .6000000000  01 
-1- 

O 

• 2.  OUTPUT (SÖ-S2): 
• 

a .63782064. 07   b .63565838 07 -•10000000 CO . .10000000 00     .                  . 

K .33000000  02° .14000000 02» •59999993 02" H •24955677 -04   ld.*99990000  00     • 

0 
.11200000  03° .20000000 01' •29999999 02% H 

0 •249556 7.7 
0 

-04  id.«99990000  00     • 

U 
• 
.33000000  02° .29000000 02« 

• 
•40904989 02" H 

• 
•34570503 

•                  • 
03  Dt#^10000000  01     • 

.11200000  03° .20000000 01» •53005999 02" 1 .34570503 03 •10000000  01     • 

.33000000  02° .29000000 02» . •42316990 02" •36018299 03 . .20000000 .01   .  • 

.11200000  03° .00000000 00» •47223998 02" .36018299 03 .20000000  01 •   ... 

.33000000  02 .29000000 02f . ' •40444990 0 2" •36829099 . 03 • . .30000000  01     • 

.11100000  03 . ,59000000 02»  . .41355999 02" .36829099 03 . ".30000000 '01     • 

.33000000  02 .29000000 02' .37080992 02" .37819699 03 ,40000000  01     • 

.11100000  03  •• .58000000 02' •39292000 0 2" .37819699 03 .4000000.0  01     • 

.33000000  02 .28000000 02' •46543993 02" .33528099 03 .50000000  01'     • 

.11200000  03° ."30000000 01» .51772998 02" .33528099 0 3. .50000000  01 :    . 

.33000000  02° .14000000 02» •.59999993 0 2« .24955677 -04 - .60000000  01 •   -. 
> x- .11200000  03° .20000000 01' •2 9999999 02"  J ' .24955677 -04: •*' .60000000  01    '• 

. • ,- • . • •                  • 



INVERHE TRANSFORMATION 

INPUT (S10-S2): 

p 

a   .6378206400 07 
a  .3000000000 02°. 
B   ,6000000000 02° 
7     • .1100000000 02r 

M      .3000000000 . 02(' 
Xb  .7392611900 06 
X, -.1933143282 05 

f,1835087258 05 
-•1778025108 05 
-.1720635832 05 

* -.1865396065 05 
' .0 

.6356583800 

.00 
• 00. 
• 00 

•,•00 
Yo#52880 16840. 
•y.. 8090977022 

.5830707560 

.4625123691 

.347 69 58981' 
*. 870 960002 8 

07 
00' 
00» 
oo1 

00' 
07 
04 
04 
04 
04 
04 . 

•1000000000 00 
• 00 .   . 00" 
• 00 00" 
• 00 00" 
• ob oo" 
•3476995877 07. 
•1725836606 05 
.1937389724 05 
•2043018345 05 
•2139471564 . 05 

4^.1524269402 05 

1000000000 • o-o 

00 
oc 

id. .9999 
Pt*£ •1000000000 01 

.2000000000 01 
•3000000000 01 
•4000000000 01 
•5000000000 01 
•6000000000 01 

*r - -.1 , 
\J1 

OUTPUT (S10-S2); 

a .637.8206400 07o b.6356583800 0 7 
0 .3300000000 02° .1400000000 02» 
\ °  .1120000000 0 3° .2000000000 01» 

0 
• 
.3300000000 

J  .1120000000 
' .3300000000 

-02° . .2900000000 02* 
\ 03° .2000000.000 or 

02° .2900000000 o?: 
.1120000000 0 3° .0000000000 00» 
.3300000000 02° •2900000000 02i 
.1110000000 03° .5900000000 02» 
•3300000000 02° .2900000000 02» 
.1110000000 03° •5800000000 02» 
.3300000000 02° .2800000000 02» 
•1120000000 03° .3000000000 Olt 
.3300000000 02° .1400000000 02» 

\ <•     .1120000000 03° .2000000000 01» 

••1000000000 
.5999999283 
•2999999903 
• 
.4090498921 
•5300599874 
.4231698973 
•4722399807 
•4044499016 
.4135599857 
.3708099213 
.3929199992 
.4854399250 
•5177299793 
.5999999283 
.2999999903 

00 .1000000000 
02"Hr.2495567664 
02"H^-.2495567664 

02f,H, 
02MHt 
02» 1 

0 2" 
02" 
0 2" 
0 2" 
02" 
02" 
02" 
02" 
02"^- 

• 3457 
• 3457 
• 3601 
.3601 
.3682 
.3682 
• 3781 
.3781 
.3352 
.3352 
.2495 
.2495 

050293 
050293 
829899 
829899 
909896 
909896 
969866 
969866 
809909 
609909 
567664 
567664 

00 
•04 id«9999000000 00 
-04 id*9999000QO0 00 

03pt#>1000000000 01 
03 j •1000000000 01 
03 I .2000000000 01 
03 I ,2000000000 01 
03   ,3000000000 01 
03 , .3000000000 01. 
03   .4000000000 01 
03   ,4000000000 01 
03   .5000000000 01 
C3   .5000000000 01 
'04   .6000000000 01 
•04 «r.6000000000 01 



DIRECT TRANSFOBMATION 

(Option For the Photo gravimetric Camera Orientation Program Input) 

C.l. INPUT (51Q-S2): 

a ..6378206400 07 b.6356583800 07 .1000000000 00 -.1 \-    wt. .1000000000 •20 
Q .3000000000 ö2o 

.00 00 » • 00 00» . • 
ß .6000000000 02o .00 . 00 ' • 00 00" . . 
7 .1100000000 02o »00 00» • 00 0 0" . • 

(X) .3000000000 02o • 00 00 ' .00 00" - . . 
P .3300000000 

.L120000000 
. .3300000000 
.   .1120000000 

.33 00000000 

02o .1500000000 02 ' • 00 OCf'H Ä .00 00 .888 
X 03o 

02o 
03 

.2000000000 01 » •3000000000 02"H~ .00 00 .888 
0 .2900000000 02 » .4090500000- 0Z"H , ,3457050000 03Pttf-. 1000000000 01 

.  *• .2000000000 01 •" .5300600000 02"H7 .3457050000 03pt£. IOOOOOO'O'OO oi 
02° .2900000000 02» .4231700000 02" .3601830000 03 •2000000000 01 

.1120000000 03° .0000000000 Q0* •4722400000 02" ,3601830000 03 .2000000000 01 

.3300000000 02° .2900000000 02» •4044500000 02" .3682910000 03 ..3000000000 01 

.1110000000 0 3° .5900000000 02' .4135600000 02" .3682910000 03 •3ÖO0OÖ000O 01 

.3300000000 C2° .2900000000 02' .3708100000 02" .3781970000 03 •4000000000 01 

ro .1110000000 03° .5800000000 02» .3929200000 02" .3781970000 03 .4000000000 01 
.3300000000 02° .2800000000 02« •.4854400000 02" ,3352810000 

[•3352810000 
03 .5000000000 01 

» ' .1120000000 
• 

03° ,3000000000 
* 

01» .5177300000 02" . 03 \f  .5000000000 
' -.1  - 

01 

OUTPUT (S8-S2): 

a .63782064 07  I •63565838 07 .10000000 00 .10000000 00   Wt,10000000 20 • ' 
X ,73926119 
o 

06   Y .52880168 
o 

07   Z .34769959 
0 

07 Vt. .10000000 2 Opt -type .10000000 00 . 

x -.19331433 
-.18350873 

05   y -.80909770 04   s 
• 

s .17258366 05 Wt..10000000 
• 

20pttarpe. 10000000 OOpt*- 
• 
.10000000 01 

05 . 1.58307076 .04'* 1 •193 738 97 05 " 1 ,10000000- 20   .  »10000000 .00 1 .20000000 01 
-.17780251 05 .46251237 04 •2Ö430183 05. .10000000 20  1  .10000000 00 •30000000 01 
-.17206356 05- . ,34769590 04 .21394716 05 I ,10000000 20   1 .10000000 00 .40000000 01 

"-.18653961 05 ' .87096000 04 < -15242694 05 . •*,10000000 20  •l' »iooooooo 00 I •50000000 01 



DIRECT TRANSFORMATION 

D.I. INPUT (S10-S2) for (\) = \Q, a =* 90 = 0Q and 7 = 0: 

a .6378206400 -07    b. 6356583800 07 »1000000000 00        •lOOOOOOCOO     00 
a .5700000000 : 02° .3500000000 '02». .5843200000 02*    • ,. 
ß  ,2000000000 02° .1500000000 02* .3000000000 02"    .  . 
7 .00 00° .00 00» .00 00"      • 

(X).1060000000 03° .2200000000 02' .3879000000 02"       . 
0.3200000000 02° .2400000000'   02» .1568000000 01"H .0000000000 
X  .1060000000 03° .2200000000 02* .3879000000 02" fl0.0000000000 
0±.3200000000     02° .2500000000 02* .1076600000 02" H?» 1123480000 
X .1060000000 03° ,2300000000 02» .8003000000 01" H7.1123480000 

ooid. »lino 
OOid. .11110 
04pt   »1O0O00OO00 01 
04pt-   .1000000000 01 

-.1 

2. , OUTPUT  (S10 - S2); 

a  ,6378206400  07 b .6356583800  07 .1000000000 00   ,1000000000 00   • 
X  .5390512301  07 Y .0000000000  00 Z .3397825164 07   .0000000000 OOid .1111000000  00 o                 • o ° 

*                                                                      . »                                                                      »• a 

.      x   -.17356900.94     04  y   .1454378543 . .04 ^.1123076752 04        .0000000000 00 pt   .1000000000      01 



INVERSE TRANSFORMATION 

Eoli XHPUT (S1Q - Sg); 

' a .6378206400 
• a ..5700000000 
. ß  .2000000000 

7   ;oo 
•  (X)    .1060000000 
•    X     .5390512301.     07    Y.0000000000      00    Z.3397825164     07   H  .00-00000000      00 id .1111000000     00 

x?-.1735690094     04   y°.1454378543      04    z?. 112 30 76752      04   H?. 11234800C0     .04 Pt:..'lCO0O00000     Ol 
i 

07o 
02o 

b' .6356583800 07 -.1000000000 00 '• .1000000000 •00 
.3500000000 02r .5843200000 02"  . 

02o .1500000000 02» •: .30.00000000 02" .. 
0 0° .'00 • 00r •..oo • 00"  . . 
03° '.2200000000- ..02t •3879000000 . 02»- •. •        •• 
07 Y.0000000000 00 Z.3397825164 07' H .00-00000000 00 
04 y°.1454378543 04 zj.1123076752 04 H°.11234800C0 • 04 

-.1 

2.     t. OUTPUT  (S10 - S2): 

"a .6378206400 07   b  ,6356583800 
6 .3200000000- 02?       .2400000000 
*. .1060000000 OT       .2200000000 

0 .3200000000 OZ        .2500000000 
\\ .10.60000000 03        .2300000000 

07 
02f 
02' 

-.1000000000 
.1568001691 
•38790000C0 

00 . 
: C1"H - 
Q2"H°- 

.0 

.1000000000 

. 4321764430 
•.4321784430 

oo- 
-03 id 
-03 id 

.1111000000 

.1111000000 
00 
0 0 

02' ' 
02' 

•1076600171 
•8002999990 

0 2"Hi 
01"fli 

.1123479568 

.1123479568 
0 4Pt 
Ö4pt 

•1000000000 
• 1000.000000 

01 
01 
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Geodetic data - 

Mathematical analysis 
Ballistic Research Laboratories,  APG 
AN ORDVAC PROGRAM FOR THE TRANSFORMATION OF GEODETIC 
ELLIPSOIDAL COORDINATES  INTO CARTESIAN COORDINATES AND   Mathematical computers 
VICE VERSA .>       Coding 
A. Roberta Wooten -•  ' Photogrammetry - 

Mathematical analyais 
BRIM Report No. 1322 February 19'6l 

DA ProJ No.   5O3-06-OII,  OMSC No.  52X0,ll.llt3 
UNCIASSIFIED Report , 

The transformation of geodetic ellipsoidal coordinates into Cartesian 
coordinates and vice versa 1B. programmed for the ORDVAC using a pseudo  code  - 
"The One"Address Floating Binary Double Precision Code  (OFBDP)." 

AD Accession No. UNCLASSIFIED 
"Geodetic data - 

Mathematical analysis 
Mathematical computers' - 
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Photogrammetry  - 

Mathematical analysis 

Ballistic Research Laboratories, APG 
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A, Roberta Wooten 

BRIM Report No.  1)22 February I961 .'...'. 

DA ProJ No.  5O5-O6-OII,  OMSC No.   52iO.ll.ilt3 
UNCLASSIFIED Report 

The transformation of geodetic ellipsoidal coordinates into Cartesian 
coordinates and vice versa is programmed for the, ORDVAC using a peeudo code  - 
"The One Address Floating Binary Double Precision Code  (QFBDP)," 
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"Geodetic data - 
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